Microcystic, elongated, fragmented (MELF)-pattern is an unusual morphology of myometrial invasive front in endometrioid endometrial carcinoma (EA). The aim of the study was to investigate potential correlation between MELF-pattern and peritumoral inflammatory immune response. A total of 96 out of 368 patients were included in this study. CD3, CD20, CD57. CD68 and S100 markers were used for the detection of tumor-associated T-lymphocytes (TAT), tumor-associated B-lymphocytes (TAB), tumor-associated NK-lymphocytes (NK), tumor-associated macrophages and dendritic cells respectively. Mann-Whitney tests, receiver operating characteristic (ROC) curve analysis, and Spearman correlation were used as methods for statistical analyses. Odds ratio with 95% confidence interval (95% CI) was determined with the use of a logistic regression model. A p < 0.05 was considered statistically significant. Our results suggested that the number of CD3 and CD68 cells were significantly lower (p < 0.001) in cases of endometrioid carcinoma with MELF-pattern. A significant correlation between the presence of MELF-pattern and decrease of CD3 positive T-lymphocytes (r = 0.691; p < 0.001) was also observed. Additionally, we found an inverse correlation between the presence of MELF-pattern and TAM (r = 0.568; p = 0.001). Therefore, our data suggest that MELF-pattern may be associated with EA stroma fibrosis that contains immune cells infiltration and demonstrated a decrease in the number of TAT and TAM cells. This may indicate the poor clinical prognosis of this disease.
Introduction
The term BMELF pattern^is used to describe an unusual morphology of a myometrium that is invaded by endometrial endometrioid adenocarcinomas (EA). Although most invasive EA have clear borders, glands of the tumors with the MELF pattern undergo morphologic changes that appear as microcystic, elongated, or fragmented, and are accompanied by fibromyxoid stromal reaction and intense inflammatory responses [1] .
MELF-pattern is associated with lymphovascular invasion, lymph node metastasis and progression of EA [2] [3] [4] . Most studies focused on the fundamental and clinical role of cancer biomarkers. For example, Steward and Little (2009) reported that MELF-type invasion represented a specific tumor alteration, with a reduction in estrogen receptor and E-cadherin expression which is consistent with epithelial-mesenchymal transition [5] . Additionally, other studies reported roles for CXCL14-CXCR4 and CXCL12-CXCR4 axes and galectin-3 in invasiveness of MELF-pattern in EA [1, 6] .
However, to our knowledge, there is no literature available reporting presence of immune cells in peritumoral infiltration in EA with/without MELF-pattern. It is now widely accepted that in all stages of neoplastic development, tumor cells coinhabit with various types of immune cells at densities ranging from subtle infiltration to gross inflammation. Though these immune cells were originally thought to be part of the antitumoral responses by the immune system to eradicate tumors, more evidences have pointed to the fact that the tumor-associated inflammatory response has a paradoxical effect of enhancing tumor initiation, progression and ultimately metastasis [7, 8] .
In this study, we hypothesize that MELF-pattern could have reciprocal interactions with peritumoral inflammatory response. Therefore, we investigated presence of immune cells in tumor microenvironment using immunohistochemical technique, and reported for the first time that these criteria may be used as possible prognostic factors of the EA of corpus uteri.
Materials and Methods

Ethical Approval
The study was approved by the Committees for Medical and Health Sciences of Research Ethics of Gomel State Medical University. Dispensation from the requirement of patient consent was granted.
Patient Characteristics
This prospective study involved women with endometrial EA who were treated in year 2015 in the Grodno region, Republic of Belarus. The inclusion criteria for the study were stage I-III (FIGO, 2009), the presence of EA, hysterectomy and the absence of malignant tumors of other localizations during life. The exclusion criteria for the study were as follows: IV stage (FIGO, 2009), Lynch syndrome, palliative treatment, presence of synchronous and metachronous malignances.
MELF-pattern areas were identified during routine haematoxylin and eosin-stained sections which were most prominent at the deepest myoinvasive aspect (invasive front) of the tumors. Criteria of MELF-pattern were the presence of elongated, dilated ('microcystic') and disrupted invasive neoplastic glands, that typically were lined wholly or in part by attenuated epithelial cells with eosinophilic cytoplasm. The glands sometimes showed a neutrophil polymorph infiltrate admixed with intraluminal epithelial cells. A characteristic feature was the presence of a peri-glandular fibromyxoid stromal reaction, and single invasive tumor cells were often seen within the stroma around the glands (Fig. 1) . A total of 96 out of 368 cases of EA during the study period were determined to be eligible for inclusion in the study. Patients were divided into two groups according the presence or absence of MELF-pattern. The first group included 45 subjects who had EA with stroma-specific MELF-pattern (MELF positive group). The second group consisted of 51 patients who had no MELF-pattern changes in stroma (MELF negative group). Clinico-pathological characteristics are presented in Table 1 .
Immunohistochemistry
Primary antibodies used in this study include the following: ready-to-use monoclonal mouse anti-CD68 (TAM), anti-CD3 (TAT), anti-CD20 (TAB), anti-CD57 (NK), and ready-to-use polyclonal rabbit anti-S100 (DC) (Diagnostic Biosystems). UnoVue HRP/DAB Detection System (Diagnostic Biosystems) was used for primary antibodies visualization. These markers were chosen according to the recommendations of manual BTumor Immunoenvironment^ [9] .
Sections of tissue on poly-L-lysine coated glass slides (4 to 5 μm thick) were deparaffinized and washed with distilled water for 3 min. Antigen retrieval was performed using antigen unmasking solutions Tris-EDTA buffer (1 mM, pH 9.0) and citrate buffer (1 mM, pH 6.0), with preheating in the microwave at 800 W for 5 min and at 600 W for 10 min, respectively. The sections were then allowed to cool in the same solution. Endogenous peroxidase blocking was done in 5% hydrogen peroxide for 20 min, and blocking of nonspecific antibody binding was ensured by incubating the sections in 5% casein in Tris-buffered solution for 1 h. After a brief wash in Tris-buffered solution, the sections were incubated in moist chamber at room temperature for 2 h with corresponding primary antibodies. Tissue sections were then incubated at room temperature for 30 min with anti-mouse HRP secondary antibodies. Between each step, the sections were washed twice with Tris-buffered solution for 5 min each. The reaction product was visualized with 3,3-diaminobenzidine (DAB) staining for 5 min, followed by Mayer's hematoxylin counterstaining [10, 11] . 
Morphometry
Evaluation of antibody expression was produced in terms of percentage peritumoral positive immune cells per 100 cells in a high-power field (HPF) and the results are expressed as percentage positive cells. The tumor invasion zone was photographed using a microscope (Nikon Eclipse 50i) with digital camera (DS-Fi2) in 5 non-overlapping HPF of maximum expression for each marker. All measurements were carried out at ×400 magnification. Cell counting was analyzed using a image analysis software NIS-Elements Advanced Research (Nikon, Japan).
Statistical Analysis
The results of positive cells were compared between the group with MELF-pattern and in group without it. 3 cases were selected from each group, each of which was measured in 4 HPF, (12 HPF in each group). The obtained sample size, with a study power of 80% and α = 0.05, amounted to at least 88 HPF or measurement ranges for each comparison group. When calculating 4 HPF per object, the minimum number of subjects in one group was at least 22, and when calculating 5 HPF -for one object the minimum number of subjects was at least 18. All data were presented by the median, lower and upper quartiles. Mann-Whitney test was used for comparing the study groups based on the evaluated criteria. Receiver operator characteristics (ROC) analysis was used to compare the study groups according to the criteria and to find the threshold indicator. A Spearman correlation test was used to perform correlation analysis. Odds ratio (OR) with 95% confidence interval (95% CI) was determined with the use of a logistic regression model. A p < 0.05 was considered statistically significant. IBM SPSS v23 and MedCalc Statistical Software v. 17.8.5 were used for analysis.
Results
Tumor-Associated T-Lymphocytes
TATs in group of MELF-pattern positive patients were situated in weak infiltrates, mostly near carcinoma cells forming microcystic and elongated structures (Fig. 2a) . TAT in cases without specific changes of tumor stroma has dense infiltrate within the cancer stroma and glands (Fig. 2b) . In the group without changes of stroma TAT median was 27.4% (25.3%-36.9%) in MELF-positive group and 42.6% (36.9%-45.3%) in group without MELF pattern of stroma. Mann-Whitney test reveals statistically significant differences in CD3-cells expression in both groups (p < 0.001). On the basis of the ROC-analysis, a total CD3-positive cells threshold of 37.1% was adopted as the best differentiating value between patients who has MELF-pattern stroma changes and without it, with 75.0% specificity and 74.1% sensitivity (area under the curve was 0.75; p < 0.001).
Tumor-Associated B-Lymphocytes CD20-positive lymphocytes of both groups were situated in weak focal infiltrates located in stroma in the invasive front of the tumor (Fig. 2c, d ). Median of CD20 cells expression in MELF-pattern positive group was 37.2% (35.4%-47.5%), and in the MELF-pattern negative group this was 36.3% (35.1%-46.2%). No significant difference was observed in TAB infiltration in both groups (p = 0.721). ROC-analysis of TAB revealed that the AUC was 0.56 (p = 0.923). The sensitivity, specificity, and threshold value of the index were 24.6%, 94.4 and 38.3%, respectively. 
Tumor-Associated NK-Lymphocytes
Presence of NK cells was also investigated in both groups. These cells were observed in the infiltrate in small clusters of 5 to 10 lymphocytes (Fig. 2e, f) . Median of NK cells in group of patients with MELF-pattern was 27.7% (27.1%-39.6%) and in group of patients without MELF-pattern median was 29.7% (22.4%-41.5%). No significant difference was observed between the two groups (p = 0.891). The ROC-analysis of CD57 expression showed that the AUC was 0.68, which was not statistically significant (p = 0.061). The sensitivity, specificity, and threshold indicator were 83.3%, 96.7%, and 30.8%, respectively.
Tumor-Associated Macrophages
In group of patients with MELF-pattern, CD68 macrophages were observed in small infiltrates located near cancer glands (Fig. 3a) (median: 45.5% (38.2%-54.7%)). In cases without MELF-pattern CD68-positive cells were in dense infiltrates, in some cases, in cancer glands (Fig. 3b) (median: 60.3% (44.5%-65.7%)). Mann-Whitney test showed statistically significant difference (p < 0.001) between groups in expression of CD68. On the basis of the ROC-analysis, a total CD68 -positive cells threshold of 37.1% was adopted as the best differentiating value between patients who has MELF-pattern stroma changes and without it, with 75.0% specificity and 74.1% sensitivity (area under the curve was 0.75; p < 0.001).
Tumor Associated Dendritic Cells S100-positive DC of MELF-positive group were situated in weak local infiltrates predominantly in glands (Fig. 3c) . DC in MELF-negative group also formed weak infiltrates, however they were located mainly in stroma in surrounding tumor glands (Fig. 3d) . Median of S100 cells expression in MELF-pattern positive group was 27.2% (25.5%-41.3%) and in MELF-pattern negative group was 28.1% (25.6%-35.6%). No significant difference was observed in DC infiltration in both groups (p = 0.853). ROCanalysis of S100 revealed that the AUC was 0.53 (p = 0.641). The sensitivity, specificity, and threshold value of the index were 27.2%, 60.3 and 62.9%, respectively.
Correlation Analysis
Our study demonstrated a significant correlation between the presence of MELF-pattern and a decrease of CD3 positive Tlymphocytes (r = 0.691; p < 0.001). Also, an inverse correlation was observed between the presence of MELF-pattern and TAM (r = 0.568; p = 0.001). Correlation analysis described that changes in cancer stroma (MELF-pattern) are associated with a reduction in TAT and TAM in zone of invasion.
Odds Ratio
A presence of TAT cells in peritumoral infiltrate less than the threshold criteria increased risk of MELF-pattern (OR = 2.9; 95% CI 1.7 to 7.2; p = 0.002). Also, a reduction of TAM in immune cells peritumoral infiltrate was associated with the presence of MELF-pattern (OR = 5.3; 95% CI 1.6 to 17.6; p = 0.007). Other tumor associated immune cells did not change OR of MELF-pattern as shown Fig. 4 .
Discussion
Cancer cells directly interact with the immune system through paracrine signaling and direct cell-cell contact in order to suppress their anti-cancer function and promote tumor spreading and metastasis [12] . Cancer cells also interact with their stroma, remodeling their extracellular matrix to facilitate their own invasion and metastatic dissemination. The cycle Fig. 4 Forest plot represents odds ratio and 95% confidence interval of the association between infiltration by each type of immune cell and MELF-pattern stromal changes. The result of analysis showed statistically significant association between decrease of TAT and TAM and presence of MELF-pattern. Abbreviations: CD3 -tumor-associated CD3+ T-lymphocytes; CD20 -tumor-associated CD20+ B-lymphocytes; CD57 -tumor-associated CD57+ NK-lymphocytes; CD68 -tumorassociated CD68+ macrophages; S100+ − tumor-associated S100+ dendritic cells completes through interactions between the tumor stroma and the immune system wherein the stiff, hypoxic and inflamed tumor microenvironment affect immune cell behavior [13] . Our research revealed importance of such specific interactions between immune cells and cancer stroma with MELF-pattern. T cells are a class of immune cells representing the key actors of the adaptive immune response. Increasing evidence indicates that the high rate of infiltration of T-lymphocytes is an indicator of good prognosis [14] . Cancer cells perform fermentative glycolysis in their hypoxic milieus to generate adequate energy to sustain their growth. In terms of the immune response, this translates to increased concentrations of lactic acid which have been reported to decrease the cytotoxicity of TAT and NK, through a reduction of interferon-α production. In fact, tumor-cell derived lactic acid suppresses cytotoxic T-cell proliferation, impairs T-cell cytokine production, and eventually kills up to 60% of the T-cells after 24 h [15, 16] . According to this data we can expect that a reduction of TAT in MELF-positive cases may be a specific manifestation of MELF-pattern stroma interaction with immune cells by tumor signals and metabolism products.
The role of TAB in the pathogenesis and treatment of cancer has not received as much attention as the role of T cells [17] . TAB can potentially inhibit the development and progression of cancers by making antitumor antibodies or by differentiating into appropriate effector B-cells. Some studies indicate that TABs are crucial for the proper functioning of effector T cells in the tumors and their depletion results in tumor progression [18] . At present, the role of TAB in solid cancers is insufficiently characterized and controversial. We did not observe any differences between EA with and without MELF-pattern in number of this cells. Therefore, we can deduce that this type of cells does not have direct interactions with MELF-pattern stroma.
NK cells are innate lymphoid cells that constitute up to 15% of lymphocytes in peripheral blood. In tumors, NK cells are preferentially localized in stromal compartment [9] . These cells were reported to have scarce contact with tumor cells. NK cells are crucial for tumor immune surveillance and their elevated numbers in tumors are associated with favorable prognosis [19] . Activated NK cells bear high cytolytic potential and induce contact apoptosis in target cells by releasing perforins, granzymes, and through cell death ligands such as CD95L and TRAIL. NK cell-mediated destruction of tumor cells depends on subtle balance between activating and de-activating signals from NK cell receptors [18] . In our research NK cells, no significant difference was observed between the two groups. This may be explained by Levy EM et al., who reported that NK cells are not found in large numbers in advanced human neoplasms, indicating that they do not normally home efficiently to malignant tissues [20] . Thus, we predict that low number of these cells in immune cells infiltrate did not demonstrate any significant difference in cases with and without MELF-pattern.
The TAMs are an important component of the inflammatory cells within the tumor stroma. Evidence suggests that macrophages may account for the major part of the host leukocyte infiltrate in the majority of human malignant tumors [7, 21] . Several investigators had counted the TAM in cancer surgical specimen under microscopy by immunohistochemical staining and reported that the percentage of TAM in human malignancies is between 10 and 65% [22, 23] . Tissues that contain a high proportion (>50%) of immature fibroblasts correlate with decreased TAMs, epithelial-mesenchymal transition, and poor prognosis [24] . A reduction of TAM in peritumoral infiltrate is often associated with poor prognosis, because of reduction of M1 macrophages, with no changes in M2 polarized macrophages, which are recruited by cancer cells and decrease of stroma fibroblasts layer formation and maturation [25] . According to this data, reduced number of TAMs in MELF-pattern positive EA was associated with interactions between cancer-associated fibroblasts of MELFpattern areas and TAM, suggesting that these cells may play role in maturity of cancer-association fibroblasts in EA with these specific changes.
DCs are the primary cell population responsible for initiating antitumor immunity, and thus it is not surprising that tumors develop mechanisms for inhibiting DC function and longevity [12] . The tumor-mediated interference with DC generation, function, and survival represents one pathway by which tumors escape host immune mechanisms via inhibiting the activity of DC [26, 27] . These cells are found in many types of solid tumors and are crucial for presentation of tumor antigens and activation of antitumor T cells [28] . It was reported that immature DCs in melanoma and colorectal cancer infiltrate both tumor islets and stroma, whereas mature DCs tend to localize in peritumoral stroma in close association with lymphocytes [29] . However, in our study we did not observe any differences between MELF-positive and MELF-negative groups in number of DC. This may suggest that DCs' role in immune response to tumor may not be dependent on its number but functional activity.
Our data demonstrates a similar pattern observed in cancer immune contextures classification which was proposed by E. Becht et al. [30] . The immune contexture described by authors is the result of interactions between malignant cells and their microenvironments, including not only immune but also inflammatory, angiogenic, and fibroblastic components [31] . Cases without MELF-pattern in our study demonstrate a high level of TAT, TAM and good prognosis of patients' survival, which suggests that this type of EA is Bimmunogenic tumor^. Thus, we suppose that the cases of EA with MELF-pattern are Binflammatory tumors^, because they have low levels of TAT, TAM and poor patients survival [32] .
Conclusion
H. Jiang et al. [33] described that the cancer stroma fibrosis is one of the main regulators of tumor immune cells infiltration by cascades of signal molecules [33] . Our research revealed that MELF-pattern in specific cancer stroma fibrosis has immune cells infiltration where TAT and TAM cells are found at a reduced number. Previously, we described a correlation between differential MELF-pattern and survival of patients with EA [11] . In the current study, we present that changes in immune cells infiltration in cancerous stroma may also contribute to EA progression and may be a manifestation of aggressive potential of MELF-pattern in cancer development. Also, according to our OR analysis, a low level of TAT and TAM cells indicated an increased risk of MELF-pattern presence. Thus, this study suggests that MELF pattern has specific distribution in antitumor immune response, which may be used as a target for specific therapy or prognosis of EA with these stromal changes. Also, the immune contexture classification give opportunity for new focus to the treatment of EA. However, a large independent cohort of samples should be utilized in the future to validate our findings.
